Some Newton-Cote's type of quadrature rules have been formulated for the numerical evaluation of hyper singular integrals, which are interpreted as of Hadamard finite part type. Rules have been tested numerically by some standard test integrals and their respective error bounds have been determined.
Introduction
The finite Hilbert transform [9] of the type:
dx ; a < c < b (1) where f (x) is sufficiently differentiable in [a, b] lead to uncontrolled instability when standard quadrature rules (either Newton-Cote's type or Gauss type) are to be applied for their approximate evaluation, due to the presence of the singularity x = c in the range of integration.
The Cauchy principal value of this integral is defined as:
I(f, c) = lim
x − c dx provided the limit exists. In case this limit exists, the limiting value is known as the Cauchy-principal value (CPV) and the integral is denoted as by equation (1) .
Singular integrals of the type (1) occur frequently in many branches of physics, in the theory of aerodynamics and scattering theory etc.However, the quadrature rules meant for the numerical integration of the integral (1) behave very much unstable when these rules are applied for the approximation of the integral:
due to the presence of higher order singularity at x = c. Further, the divergent integral:
is very much expressed as:
The integral present in the right side of the above equation (4) is called as the Hadamard finite-part integral [9] . Ramm and Van der Sluis [1], Groetsch [2] , Criscuolo [6] , Paget [4] , Elliott [3] and many more as available in literature have been contributed their work for the approximate evaluation of this integral. However the basic purpose of this paper is to formulate some quadrature rules which are uniformly convergent to the Cauchy principal value of the integral of the type (1); and the same rule has been employed for the approximate evaluation of the finite part integral (2) by reducing the order of singularity. For this, we consider the integrals of the type equation (1) and the integrals of Hadamard type as given in equation (2) , for α = 2 in the interval[−a, a].
Formulation of Quadrature Rules
This section has two subsections: subsection-2.1 and subsection-2.2 as given below.
2.1 Rules for the Approximate evaluation of Real CPV Integrals The (4n−1)point rule is generated by decomposing the interval of integration [−a , a] into (4n − 2) equal parts by the points:
is denoted by Rn(f ) and defined as:
Since the nodes are prefixed, thus it is only remain to determine the coefficients w n0 and w nk ; f or k = 1(1)(2n − 1) associated with f (0) and with the block f
respectively. It is to be noted here that in such rules the coefficient of f (0) i.e. w n0 is zero, for all n. The coefficients w nk of the rule R n (f ) for all n associated with the above block are the solutions of the following set of moment equations AW =B in coefficients w nk ; where
The rules corresponding to n = 1, 2, 3 and 4 are noted below.
It is pertinent to note here that for all n, the rule R n (f ) is an open type rule since both the end points −a and a of the interval of integration [−a , a] are excluded in the set of(4n − 1) nodes.
Scheme for the Numerical Approximation of Hadamard Finite Part Integrals of the Type
For the construction of the scheme, here we assume that f (z) is the analytic continuation of f (x) in the disc: Ω = {z ∈ C: |z| ≤ r ; r > a} .
As a result, f (z) = f (x); allx ∈ [−a, a]. The integral given in (10) can be transformed to:
Now since the integral K is a singular integral of the type (1), thus the rules R 1 (f ) to R 4 (f ) as given from equations (6) to (9) meant for the numerical integration of the real CPV integrals may be applied for its numerical approximations. Further, though the integral L is also a singular integral but as its primitive − 1 x exists, thus it can be evaluated by using the Fundamental Theorem of Integral Calculus and thus
As a result the integral:
and a is the one of the end points of the interval of integration [−a , a]. Next we consider:
Error Analysis
The error bounds of the truncation error E n (f ) associated with the quadrature rules R n (f ) for n = 1, 2, 3 and 4 for the numerical evaluations of real Cauchy principal value of integrals (Equations (6) to (9)) have been determined by following the techniques due to Lether [5] and is given in Theorem-1.Since derivation of each parts of the Theorem-1 are similar we have derived only the part-(i) to avoid repetition.
Theorem-1. If f (z) is an analytic continuation of f (x) defined in the closed disc:Ω = {z ∈ C: |z| ≤ r ; r > a} ;then eachof which→ 0 as r → ∞. The quantity e ka (r) is defined as error constant due to Lether [5] .
Proof-(i): Let
Now by expanding f (z) by Taylor's theorem about z = 0 we have a] are the Taylor's coefficients. Now since E 1 being a linear operator,we obtain
r e 1a (r) e 2a (r) e 3a (r) e 4a (r) Table 1 : Values of Error Constants ena(r) for r > 1 and a = 1 Thus, by Cauchy Inequality[8]
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and then by using the technique due to Lether [5] we obtain Comparative Study of the Error Constants For a = 1, the error constants e na (r) corresponding to the rules R n (f ) for n = 1, 2, 3 and 4 have been evaluated for values of r > 1 and the results of computation are given in Table- 1. It is observed from the Table- 1 of values of error constants and the corresponding graphs (Fig.-1) drawn based on the table that e 4a (r) < e 3a (r) < e 2a (r) < e 1a (r).
Also it is evident from Table-2 that the degree of precision of the rules are 2, 6, 10 and 14 respectively. In general the degree of precision of the ruleR n (f ) is (4n − 2).Next we consider:
4. Numerical Experiments This article consists of two parts: Part-I to Part-II.
Part-I. Approximate Evaluation of Real CPV Integral with Singularity at Origin
The integral considered here is: and the result of numerical approximations are given in Table- The result of numerical integrations of this integral is given in Table- 4.
Conclusion
From the Tables of numerical results it is observed that the values obtained by the sequence of rules of increasing precision converges to a value i.e. equal to the exact value of the respective integrals correct up to at least ten figures after the decimal point in case of real CPV integrals as well as integrals of the type Hadamard finite part. Also, it is not require to evaluate derivative of the integrand at any of its nodes, which is a positive advantage over the existing rules found in the literature.
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